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INTRODUCTION
Long-segment tracheal stenosis in infants and children is
difficult to manage and can be life-threatening (1). Patients
usually have associated cardiac and other anomalies. The rare
incidence of congenital tracheal stenosis makes it difficult to
develop a standard management protocol. Several surgical
techniques have been introduced, including rib cartilage tra-
cheoplasty (2), pericardial patch anterior tracheoplasty (3),
resection and end-to-end anastomosis (4), slide tracheoplas-
ty (5), tracheal homograft (6), and free tracheal autograft (7).
Here, we review our experience performing three different
techniques (pericardial patch anterior tracheoplasty, tracheal
autograft tracheoplasty, and slide tracheoplasty) in 12 patients.
MATERIALS AND METHODS
Patients
Between 1996 and 2004, 12 consecutive patients under-
went surgery for congenital tracheal stenosis at Samsung Seoul
Hospital. All patients showed life-threatening respiratory dis-
tress, except one patient who visited the outpatient clinic
because of recurrent respiratory infection. Their age at surgery
was 13 days-2.8 yr (median, 3.6 months), and body weight
was 2.9-13.6 kg (median, 4.8 kg). Eight patients were boys
and four were girls. Eight patients were transferred while
intubated; the duration of intubation before surgery was 3-
57 days (median, 10 days). In five patients, tracheal stenosis
was detected after other surgical interventions. All patients
were evaluated with cardiac echocardiography, and comput-
ed tomography (CT) scans or bronchoscopy. All patients had
diffuse tracheal stenosis involving 40-61% (median, 50%)
of the length of the trachea, which was suspected to be asso-
ciated with complete tracheal ring. Five patients also had
proximal bronchial stenosis. Seven patients had a pulmonary
artery sling. One patient had a tracheal origin of the right
upper lobe bronchus, which was obstructed in association
with lobar agenesis. These patients’ characteristics are sum-
marized in Tables 1 and 2. Operative indications were the
presence of severe respiratory symptom and congenital tra-
cheal stenosis associated with complete tracheal ring or pul-
monary artery sling. No patient with the same diagnosis was
treated conservatively during the same period.
Operative techniques
The surgical approach was done through a median sternoto-
my. In two patients, this procedure was the second time of
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Repair of Long-segment Congenital Tracheal Stenosis 
Long-segment tracheal stenosis in infants and small children is difficult to manage
and can be life-threatening. A retrospective review of 12 patients who underwent
surgery for congenital tracheal stenosis between 1996 and 2004 was conducted.
The patients’ median age was 3.6 months. All patients had diffuse tracheal stenosis
involving 40-61% (median, 50%) of the length of the trachea, which was suspected
to be associated with complete tracheal ring. Five patients had proximal bronchial
stenosis also. Ten patients had associated cardiac anomalies. Three different tech-
niques were performed; pericardial patch tracheoplasty (n=4), tracheal autograft
tracheoplasty (n=6), and slide tracheoplasty (n=2). After pericardial tracheoplasty,
there were 2 early and 2 late deaths. All patients survived after autograft and slide
tracheoplasty except one who died of pneumonia one year after the autograft tra-
cheoplasty. The duration of ventilator support was 6-40 days after autograft and 6-
7 days after slide tracheoplasty. The duration of hospital stay was 13-266 days after
autograft and 19-21 days after slide tracheoplasty. Repeated bronchoscopic exa-
minations were required after pericardial and autograft tracheoplasty. These data
demonstrate that pericardial patch tracheoplasty show poor results, whereas auto-
graft or slide tracheoplasty gives excellent short- and long-term results.
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entry to the thorax by a sternotomy. Cardiopulmonary bypass
was used in all patients to provide safe respiratory support
during the tracheal repair. Bicaval cannulation was used in
patients requiring the repair of intracardiac defects, and sin-
gle right atrial cannulation was used for the others. Intracar-
diac procedures were performed first, followed by the repair
of the pulmonary artery sling, and by tracheal repair. Intrac-
ardiac procedures were performed simultaneously in three
patients. Correction of the pulmonary artery sling was per-
formed simultaneously in seven patients (Table 2). In six of
these seven patients, the left pulmonary artery (LPA) was
transected at its origin, moved anterior to the trachea, and
reimplanted to the main pulmonary artery. In one patient,
the LPA was translocated anterior to the trachea after divid-
ing the trachea, as described by Jonas et al. (4) For tracheal
repair, we used three different techniques - pericardial patch
tracheoplasty in four patients, autograft tracheoplasty in six
patients, and slide tracheoplasty in two patients.
Pericardial patch tracheoplasty was our procedure of choice
between 1995 and 1998. After a median sternotomy, a piece
of pericardium was harvested and fixed in 0.625% glutaral-
dehyde solution. The anterior surface of the trachea was dis-
sected and incised through the extent of the complete tracheal
rings. The pericardial patch was sutured in place using inter-
rupted 6-0 polypropylene sutures, starting from the most
inferior part of the incision adjacent to the carina. Several
sutures were placed on the pericardial patch and surround-
ing mediastinal tissues to suspend the patch. The endotra-
cheal tube was positioned so that the tip should be placed
just above the carina. Hemoclips were placed at the superior
and inferior ends of the patch. The mediastinum was filled
with saline, and the patient was ventilated with a peak airway
pressure up to 40 cmH2O to assess the presence of any leaks
around the patch. The suture line was sealed with fibrin glue.
The patients were paralyzed and ventilated for one week.
Tracheal autograft tracheoplasty has been our procedure
of choice since 1998. After extensive mobilization of the tra-
chea from the cricoid cartilage to the hilum, the anterior tra-
chea was incised through the extent of the complete tracheal
ring. The tracheal autograft was harvested at the midportion
of the opened trachea after assessing how much of the trachea
could be resected. The remaining ends of the trachea were
anastomosed posteriorly with multiple interrupted 7-0 poly-
dioxanone (PDS II, Ethicon, Inc., Edinburgh, U.K.) sutures.
To avoid exposing the threads in the lumen of the trachea,
the sutures were placed not to penetrate the whole layer of
the trachea and were tied externally to keep the knots out of
the tracheal lumen. After anastomosis of the posterior wall,
the autograft segment was trimmed and patched to cover the
anterior defect. In patients with an associated main bronchial
stenosis, the anterior incision of the trachea was extended to
the stenotic bronchial origin. We divided the autograft seg-
ment into two pieces and covered the bronchial defect sepa-
rately (Fig. 1) to avoid the use of the pericardium. Hemoclips -, not applicable; CT, computed tomography.
Patient
No.
Length of
stenosis
(% in CT
scan)
Duration of
intubation
(days)
Weight
(kg)
Age
(months)
Combined
bronchial
stenosis
1 0.4 3.1 11 44 -
2 5.3 7.0 8 61
3 1.6 4.8 3 56 Right, left
4 4.0 3.6 21 42 Right
5 3.6 5.6 9 57 -
6 3.5 4.8 7 50 Right, left
7 34.2 13.6 - 57 Right
8 1.7 5.7 6 50 -
9 2.1 4.3 - 43 Right, left
10 8.9 8.6 - 60 -
11 2.0 2.9 57 40 -
12 3.5 4.5 - 44 -
Table 1. Preoperative patient data
-, not applicable; ASD, atrial septal defect; CoA, coarctation of the aorta; LPA, left pulmonary artery; PA, pulmonary artery; PDA, patent ductus arterio-
sus; PFO, patent foramen ovale; SVC, superior vena cava; TOF, tetralogy of Fallot; VSD, ventricular septal defect.
Patient
No.
Concomitant surgery Previous operation Associated anomalies
Tracheoplasty 
technique
1 Pericardial  Pulmonary atresia, VSD Central shunt PDA ligation
2 Pericardial PA  sling - LPA reimplantation
3 Pericardial PA  sling - LPA reimplantation
4 Pericardial  CoA, VSD CoA and VSD repair, pacemaker  insertion -
5 Autograft  PA sling, PDA - LPA reimplantation, PDA ligation
6 Autograft  PA sling, ASD PDA ligation LPA reposition, ASD primary closure
7 Autograft PA  sling - LPA reimplantation
8 Autograft  - Colostomy, esophago-esophagostomy -
9 Autograft  PA sling, VSD, PFO, PDA - LPA reimplantation, PDA division, 
VSD and PFO closure
10 Autograft  TOF, ASD, single coronary artery Modified Blalock-Taussig shunt Rastelli operation 
11 Slide  -- -
12 Slide PA sling, PFO, bilateral SVC - LPA reimplantation, ductus division
Table 2. Surgical techniques and associated anomalieswere placed to identify this part of the autograft. In one pa-
tient, the autograft was not long enough to cover the anteri-
or opening of the trachea and bronchus, the pericardial patch
was used additionally.
We have recently used slide tracheoplasty in two patients.
After mobilization, the trachea was transected at the midpor-
tion of the stenotic trachea. The superior trachea was incised
posteriorly, the inferior trachea was incised anteriorly through
the entire stenotic portion, and the corners of both ends of
the resected trachea were trimmed. The two components were
slid together and anastomosed with multiple interrupted
sutures using 7-0 polydioxanone sutures. The endotracheal
tube was positioned in the middle of the trachea.
RESULTS
There were four operative deaths (33%) and one late death;
all operative deaths occurred after pericardial patch tracheo-
plasty and eventually, no patient in the pericardial patch group
survived. A 13-day-old boy (patient No. 1) with a history of
central shunt due to pulmonary atresia with ventricular sep-
tal defect (VSD) underwent pericardial patch tracheoplasty.
Postoperative bronchoscopic examination revealed distal tra-
cheomalacia but no granulation tissue or stenosis. The patient
had a difficulty in weaning from the ventilator and died of
sepsis on postoperative day 29. Patient No. 2, a 5-month-old
boy, underwent tracheoplasty and LPA reimplantation to
treat a pulmonary artery sling. The patient required prolonged
ventilator support because of respiratory syncytial virus infec-
tion (verified by culture). Repeated bronchoscopy revealed
diffuse distal tracheal stenosis and stenosis in both bronchi.
We could not treat the recurrent stenosis any further, and the
patient died of respiratory failure on postoperative day 110.
Patient No. 3, a 1.6-month-old girl, also underwent pericar-
dial patch tracheoplasty and LPA reimplantation. Although
postoperative bronchoscopy showed no granulation tissue or
stenosis, high fever and pneumomediastinum developed after
the bronchoscopy. Re-exploration was required and revealed
tracheal disruption. The patient died of sepsis and respirato-
ry failure on postoperative day 31. Patient No. 4 had a his-
tory of one-stage repair of coarctation of the aorta and VSD,
could not be weaned from the ventilator and showed diffuse
congenital tracheal stenosis. He underwent pericardial patch
tracheoplasty extending to the right main bronchus. After
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Fig. 1. Tracheoplasty using divided two pieces of tracheal auto-
graft in a patient with combined stenosis of bronchial origin.
Patient No. Early complications
Extubation
(POD)
Hospital stay
(days)
Frequ-ency of
bronchoscopy
Granulation Restenosis
1 - 29 2 No No Difficulty in ventilator weaning, sepsis
2 - 110 7 Yes Yes RSV infection, diffuse distal trachea
and stenosis in both bronchi
3 - 31 2 No No Mediastinitis, tracheal disruption 
after bronchoscopy
4 - 102 4 Yes Yes Distal tracheal restenosis
5 20 70 4 Yes No Repeated bronchoscopy
6 36 72 3 Yes No None
7 6 13 1 No No None
8 9 18 1 No No None
9 12 21 2 No No None
10 40 266 10 Yes Yes ARDS, restenosis
11 7 21 1 No No None
12 6 19 0 No No None
Table 3. Immediate postoperative courses
-, not applicable; ARDS, acute respiratory distress syndrome; POD, postoperative days; RSV, respiratory syncytial virus.the initial tracheoplasty, he suffered from diffuse distal tra-
cheal stenosis. Surgery was performed again using rib carti-
lage, but he died of an accidental tension pneumothorax dur-
ing the tracheostomy one month later.
No early deaths occurred in patients treated with autograft
tracheoplasty and slide tracheoplasty. No complications were
associated with cardiopulmonary bypass. The duration of ven-
tilator support was 6-40 days after tracheal autograft and 6-
7 days after slide tracheoplasty. The duration of hospital stay
was 13-266 days after tracheal autograft and 19-21 days after
slide tracheoplasty. The need for repeated bronchoscopy was
less in the patients treated with slide tracheoplasty (Table 3).
One late death (13%) occurred in a patient treated with an
autograft. Patient No. 10 underwent the Rastelli operation
using a porcine valved conduit for TOF with single coronary
artery, and autograft tracheoplasty. The patient experienced
respiratory distress syndrome postoperatively and should have
had prolonged ventilator support. Bronchoscopy revealed dif-
fuse residual tracheal stenosis and multiple granulomas. He
underwent bronchoscopic examinations repeatedly (10 times)
and dilatation with bougienage. During the same period of
hospitalization, the prosthetic valved conduit had to be chang-
ed to a homograft because of fungal endocarditis. He was dis-
charged on postoperative day 266, but died of sudden respira-
tory failure associated with pneumonia one year after surgery.
The median follow-up period for the survivors was 2.6 yr
(9 months to 5.7 yr). All surviving patients are currently
asymptomatic (Table 4).
DISCUSSION
Congenital tracheal stenosis associated with complete tra-
cheal rings presents with various symptoms according to the
grade of stenosis. Long-segment tracheal stenosis often pre-
sents as severe respiratory distress within a few weeks after
birth and is associated with other cardiac anomalies, pulmo-
nary artery sling, and abnormalities of the digestive system.
It should be considered an airway problem when the patient
presents with predominantly respiratory symptoms or shows
an unusual perioperative course after cardiac surgery (8). Long-
segment tracheal stenosis is sometimes very difficult to diag-
nose and manage adequately (1). A recent study of multicen-
ter analysis revealed that the overall mortality is still high (28
%) after surgical intervention and the highest mortality rate
was observed in patients younger than 1 month (73%) and
in those with intracardiac anomalies (53%) (9). Because of
the rarity of congenital tracheal stenosis and the difficulty of
treatment, several surgical techniques have been proposed
without a standard protocol.
At our institution, we first used the anterior pericardial
tracheoplasty technique in four patients, with adverse results.
The theoretical advantages of using pericardium are that the
pericardium is easily accessible, a generous amount can be
harvested without compromising other structures, and the
pericardium molds easily and can be tailored to fit specific
locations (10). There are several advantage of anterior tracheo-
plasty: 1) no restriction on the patient’s size, 2) no technical
limitations as to the length and the location of the stenosis,
3) a good blood supply by preserving the lateral wall of the
trachea, 4) avoiding damage to the recurrent laryngeal nerve,
and 5) the possibility of concomitant repair of other cardiac
anomalies (3, 10-12). However, this technique also has prob-
lems, such as granulation tissue, restenosis, patch tracheoma-
lacia, and the prolonged hospital stay (10-13). The major
disadvantage is excessive granulation formation on the mes-
enchymal surface of the tracheal substitute, needing frequent
postoperative bronchoscopy (11, 14). The largest study of
clinical experience with the pericardial patch tracheoplasty
was reported by the group at the Children’s Hospital in Chi-
cago (13). Although their operative mortality rate was low
(7%), their patients exhibited that the mean hospital stay was
60 days, a significant late mortality rate (18%) and a high
reoperation rate (25%) for residual stenosis. 
Although this technique was applied early in our series,
the results were disappointing. All patients treated with this
method could not be discharged from the hospital. Two of
these patients showed restenosis as described above. Repeat-
ed bronchoscopic intervention because of the growth of gran-
ulation tissue can cause problems, as shown in our patient
who experienced rupture of the trachea and infection. A long
hospital stay also can be a problem.
Backer et al. were the first to describe the free tracheal auto-
graft tracheoplasty. They also reported good results in 15 pati-
ents with 1 surgical mortality (7%) and 1 late death (7%)
(13). The advantages of the autograft technique include 1)
the use of all autologous materials for the repair, 2) the tech-
nical ease of using only anterior sutures, 3) the already-pre-
sent respiratory epithelial lining of the autograft, 4) intrinsic
maintenance of the cartilage contour, 5) potential for growth,
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Patient 
No.
Follow-up period Status
Airway 
symptoms
1 29 days Early death*
2 3 months In-hospital death
�
3 31 days Early death
4 3 months In-hospital death
5 5.7 yr Alive and well None
6 3.8 yr Alive and well None
7 2.8 yr Alive and well None
8 2.6 yr Alive and well None
9 2.5 yr Alive and well None
10 1 yr Late death
�
11 1.2 yr Alive and well None
12 9 months Alive and well None
Table 4. Follow-up results
*, death by postoperative day 30; 
� , death after postoperative day 30
but before discharge; 
� , death after postoperative day 30 and after dis-
charge.and 6) ready availability because the trachea in these infants
is often excessively long (13, 15, 16). We have used autograft
techniques in six patients without operative mortality. One
patient had a composite graft of a tracheal autograft and the
pericardium. He had postoperative granulation tissue and
mild stenosis at the part of pericardial graft and underwent
repeated bronchoscopy to remove the granulation tissues. We
used the free tracheal autograft, which was divided into two
pieces, to repair the orifice of the stenotic main bronchus and
to avoid using the pericardium in four patients (Fig. 1). Tra-
cheal stenosis is frequently associated with stenosis of the main
bronchi, as seen in our data. There are two options in this
situation: the first is to leave the stenosis of the main bronchi
and the second is to correct the stenosis simultaneously. We
tried to correct the stenosis of the main bronchi with the seg-
ment of the tracheal autograft with good results.
The slide tracheoplasty technique was first reported in two
patients by Tsang et al. in 1989 (5) and modified by Grillo
et al. (17, 18). The advantages of this technique include recon-
structing the trachea with tracheal tissue, which provides a
stable cartilaginous wall with normal epithelial lining; pre-
serving the lateral blood supply, not imparing tracheal growth
(19) and avoiding cardiopulmonary bypass (18). However,
in a small number of patients, it is safe and appropriate to
perform the procedure under cardiopulmonary bypass. In
our series, we performed slide tracheoplasty under cardiopul-
monary bypass with good results. Although recently report-
ed mortality rates were various (0-25%), slide tracheoplasty
is preferred for congenital tracheal stenosis by many authors
because of uneventful postoperative course (9, 14, 20, 21).
Recently, we do not perform bronchoscopy as a routine pro-
cedure because CT scan with 3-dimensional reconstruction
is less invasive and we consider the resolution and accuracy
is reliable (22).
Long-segment congenital tracheal stenosis is a life-threat-
ening problem that is frequently associated with a pulmonary
artery sling or intracardiac defects. It should be considered
an airway problem when the patient presents with predom-
inantly respiratory symptoms or shows an unusual periopera-
tive course after cardiac surgery. Selection of the surgical strat-
egy to treat long-segment congenital tracheal stenosis depends
on the anatomical pattern of the stenosis and should be individ-
ualized. Slide tracheoplasty is our recent procedure of choice.
However, we prefer the free tracheal autograft tracheoplasty
in case of concomitant bronchial stenosis. We believe that
the close cooperation between pediatric pulmonologists, car-
diologists, radiologists, pediatric cardiac surgeons, and pedi-
atric otolaryngologists is essential for optimal results.
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